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Forward jets allow to probe
x values as low as 10
region sensitive to non-linear QCD effects
Xl \/S/ 2 II""llm g Q

Jets in high n region

X= pparton / pproton

do(pp — jet) = pdf (z1,Q°) ® pdf (z2, Q%) @ do(qg — jet)

-
PN Lrc p, ~ 50 GeV
2 2 — xpen Vs=7TeV
N -~ 0 /
e
T = QpT/\/E | i
szln ~ 10'
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4 Why forward physics : parton dynamics & VBF L@? f.ui
A
p rapidity Parton dynamics:
@ DGLAP (p, ordered emission)
| ____—» @ BFKL (x ordered emission)
2 CCFM
D \

First step to understand the topology of vector boson fusion Higgs production
which is the key to understand EWSB

DIS2011 - A. Massironi



24 Where: CMS @ LHC

LHC CMS
Large Hadron Collider Compact Muon Solenoid
Proton-proton collider Large coverage calorimeter |n|<5.2
Vs =7TeV
High luminosity, up to L ~ 2-10**cms*in 2010 Access a regime never investigated before
[ ECAL: Electromagnetic CALorimeter } E HCAL: Hadronic CALorimeter }
I I B —
pseudorapidity I S S
?7 — _[n (taln 9/2 I |IIIIIIIIHQIIIIIIIIIIIIIIIIIIIII:IIIIIIIIIIWIIIIIIIIIIIIIIIII
Azimuthal

-

angle w.r.t k i
beam axis = —L
HF: Hadronic Forward
Tracker I R A R .
calorimeters
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24 What: Forward Jet analysis
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Inclusive Forward Jet Cross Section

CMS PAS FWD-10-003

[ pp — jet+ X }

Simultaneous production of central and forward jets

o g 10° pp — jet +X (/=7 TeV), 3.2 < | < 4.7
oo ® Data (Anﬂ-kT, R=0.5 CALO)
-—G NLOENP
6 ,g 10° - Herwig + Jimmy
5 QI— - Pythiag
s F 000 N 000 Pythia
— - - Powheg + Pythia6
10 e oo
| EXP. Uncertainty
10°
102
CMS Preliminary
10 -[ 1
Ldt=3.14 pb
N
I |
b a0 e 8 10 120 1
b.[GeVlc:
10° CMS Preliminary\/s=7 TeV L=3.14 pb "
[y ET I I l 3
% E data
O] @——1 --- Herwig+Jimmy
o] 4 lagiay . |
8 10*r =% - Herwig++ e
e F _lf_*'%_;'*;--_']' ---- Powheg+Herwig
el | HE ]
8 107 CETT
o] E |
% !_'_'___" S ———
102 D N <
E |
!'___ PRt
10 S
F o 32<m <47
1 | | | | | |
40 60 80 100 120 140

forward jet P, (GeV)

CMS PAS FWD-10-006

E pp — jet+ jet }

_ CMS Preliminary\s=7 TeV L=3.14 pb™

: | | | data | T 3

L --- Herwig+Jimmy

A ~-- Herwigs+ E

; %] ______ --- Powheg+Herwig ]

i 't:—tﬁ—:‘.—:‘.“ _____ HEJ |
S T

ml<2.8
| | | | | |
40 60 80 100 120 140

central jet P, (GeV)
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ZA Inclusive Forward Jet Cross Section

Detector level cross section of forward jets l

® N, is the number of jets in a bin [ pp — jet+ X }

® Lis the integrated luminosity
® Ap,and Ay are the tranverse momentum and rapidity bin sizes

|

10° pp—jet+ X ([5=7TeV),3.2<|n| <47

IT
d—g' _ Nj ets E E Antik, R = 0.5 CALO
— 1S —e— DATA
dprdn L - AprAn B —— PYTHIA
oo ~-=-=== HERWIG+JIMMY
o %"

o Anti-k, (R=0.5) jet clustering algorithm— 4¢°

o Single jet with p,>15 GeV trigger

10°
9 Jet Identification criteria
9 Fiducial acceptance 3.2 < |n| < 4.7 10?
CMS Preliminary
J-Lr_‘lt=3_14 ph-1 ——
10
Comparison with Pythia and Herwig+Jimmy |
, : a0 60 80 100 120 140
full CMS Monte Carlo events simulation p, [GeVic]

DIS2011 - A. Massironi 6



24 The analysis procedure
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Hadron level cross section of forward jets ' do _ O’*‘mf old * N jets
dprdn L. AprAn

» C

unfold

and jet energy resolution)

Efficiency
=
& -

o
&

=
=

0.2

—&— DATAJet15U
MC Jet150

g

CMS Preliminary
JLd'l: 12 b’
20 0 60 80 100 120 140
I p, [ GeVic
p>35 GeV /

is the bin-by-bin correction factor (trigger efficiency, event clean-up, jet-ID cuts

MC Bin-by-bin unfolding '

/ Trigger efficiency ~ 100% \

[5=7 TeV, 3.2<|nj<4.7
Anti-k,, R=0.5 CALO

- - NMO(ERY € bin i)
unfold — NMC (T EMC ¢ pip )

Ansatz Bin-by-bin method I

Convolution of hadron level distribution with a
gaussian smearing that simulates jet energy resolution
and fit to data

[
f(pr) = No-pre- (1 B ZCosh(ymm)PT) exp(—~ /pr)

V()

DIS2011 - A. Massironi 7
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24 The analysis procedure: systematics

I — pp — jet +X (Vs=7 TeV),3.2 < n| < 4.7
Total uncertainty (luminosity included)

Anti-k, R = 0.5 CALO
CMS Preliminary

| JES

_[ L dt = 3.14 pb”
- p, resolution & unfolding

T,

M ress

|
140
p, [GeVic]

" pp - jet +X (=7 TeV), 3.2 < ] < 4.7
[ ] Total uncertainty

——— NP (Pythia - Herwig)

—— PDF with Ax, =+ 0.002

Scale (6-Point)

Anti-k., R = 0.5 CALO
CMS Preliminary

140 160
p, [GeVic]
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Experimental systematics:

absolute jet energy scale and PU ~ 20/30%
p,resolution ~6 %

Correction factor (different MC) ~ 3%
Luminosity ~4 %

Theoretical uncertainties:

Hadronization and UE (Pythia and Herwig)
PDF uncertainty
a_variation
Renormalization and factorization scales

Maximum envelope ~10%

DIS2011 - A. Massironi 8
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4 The results

GeV/cl |/ |\

10° PP jet+X (5=7 TeV), 32 < | < 4.7
£ @  Data(Antik , R=0.5 CALO)
2 ol N = T e oy do o Cun fold * N jets
oY, 2 .~ Pythias T
‘SO%F C e mmews PylhI:Ei dedn L : ApT An
104 | — - - Powheg + Pythiaé
E — — Cascade
F Inclusive jet cross section measured at forward
100 o 7o,
; pseudorapidities (3.2 < | | < 4.7), fully corrected and
el unfolded
E CMS Preliminary . . .
il I 1 Comparison to various hadron-level theoretical
g Ldt=3.14pb . e
; P Ny predictions
E‘O L 4.|0 L1 6|0 L1 a|0 L |10|0| | |12|0| | |14\0\ | :_;‘ 1.2 @ 1- [G(D&t&)fﬁ(NLO@NP)] “{E:? TBV), 3.2< |T]| <4.7
o tn 1 -[o(Data) / o(Herwig+Jimmy)] Data (Anti-k_, R = 0.5 CALO)
pT[GeV/ c] 2 1 [] 1-[o(Data) / 6(Pythia8)] T
% % 1-[o(Data) / 6(Pythiab)] CMS Preliminary
=~ 08 A 1-[o(Data) / o(Powheg+Pythia6)] I L dt =3.14 pb”
8 ¥z 1-[o(Data)/ (Cascade)] -
R . s 06 - EXP(.junacZnacijni e
Within the current experimental S ooy omcartaity
and theoretical uncertainties, T 04

perturbative calculations 0.2
reproduce globally well the measured 0

forward jet cross section o

-0.4

i'I|III|_III|III|III|III|III|I\\‘III|

20 60 80 100 120 140
P, [ GeVic]
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ZASimultaneous production of central and forward jets

central jet

| SN (S SN N—— » Anti-k. (R=0.5) jet clustering algorithm

o Di-jet with avarage p,.> 15 GeV trigger

o =i 5 .

_ ] 9 Central jet: [n|<2.8
s : . ‘M1 ||forwardjet @ Forwardjet: 3.2 <[n|<4.7
I S N —
I I

One event is characterized by the presence of two jets:
the hardest one in the forward region and the hardest one in the central region

do
do / dprﬁntr al dncentr al
dprﬁntrnf dncentrai dp{:}”u ﬂTddnfomuard \ do

dpéﬂT?l}aTddﬁfnrif}mrd

DIS2011 - A. Massironi 10
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24 Detector level cross section N D0
— | C - [sicocea
Detector level cross section of forward / central jets I
do o Njets
dprdn L - AprAn
10° CMS F'rellrnmary\f_ 7 TeV L_Sp:dr pb1 . CMS Prellmmary\r-? TeV L=3.14 pb
< 0§| | | Py — % = | | e \data | ]
8 St —— Pythia 6, D6T tune ] 0 - —— Pythia 6, DBT tune -
9 g — --- Pythia 6, Z2 tune 7 S qptkr— Pythia 6, Z2 tune  _
s> 1 04 = e Pythia 8 . a § e — Pythia 8 E
= - --- Herwig+Jimmy . _"g - e --- Herwig+Jimmy -
E._I— D B Herwig++ i %p— 3 i DRI ----- Herwig++ i
;6 10° 3 3 v 10°F e E
© g ] o - ]
5| el S _ - St -
e g : 10°F E
L e :;_;: E —— ;?_I‘__f._f__'f_::%
10k 3.2<In| <47 R TR RS - - ml < 2.8 }
| | | | | | - | | | | | |
40 60 80 100 120 140 40 60 80 100 120 140
forward jetp_ (GeV) central jet p_ (GeV)

Comparison with Pythia and Herwig
full CMS Monte Carlo events simulation at detector level

DIS2011 - A. Massironi 11
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Z1 The analysis procedure

—
Hadron level cross section of forward / central jets ' do

c

- Cunfmfd ) Njets
dprdn L - AprA

p
Reweighted MC Bin-by-bin unfolding l

Bin-by-bin correction factor — take into account for detector effects

Monte Carlo spectrum at hadron level reweighted — overlap to the data at detector level
NMC(CENMY € bin 1)
NMC ((FMC ¢ pip i)

Bin-by-bin unfolding coefficients C,;, o4 =

Systematic due to
bin-by-bin unfolding

Envelope of
correction factors
from different MC

correction factor
—

CMS Preliminary\s=7 TeV L=3.14 pb”
T T T T | T T T T

gy T

.

50

1 | 1 1
100 150
forward jet P, (GeV)

DIS2011 - A. Massironi
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correction factor

CMS Preliminary\s=7 TeV L=3.14 pb"
T T T T | T T T T

i

1 | 1 1
100 150
central jet P, (GeV)

12



g
[ev}
)
=
2]
-
=)

2)

INF

4 The analysis procedure: systematics

b

c

©9 UNIVERSITA
N
M
\
== ONVIIN 1A E

Experimental systematics:

absolute jet energy scale ~25%
p, resolution and unfolding method <5%
PU (1 or more than 1 Primary Vertex) ~ 5%
Luminosity ~4 %
~ 100 (|3MS PrelliminawT(E:T Te\:' L=3.14|;::rl:f1 —~ 100 {|3MS Prelliminaryxl.J'E=? Te"T' L=3.14|;::l::r'1
% >~
— total ~ total
2 80 . N 2 80f : N
c jet energy scale c jet energy scale
% 60— - | bin-to-bin unfolding g 60 | bin-to-bin unfolding —
Q luminosity 2 luminosity
5 40 . 5 40F -
20— | 201 s
-20+ S\\—\\\\\\\ m . 20 5 NN
-40_| | | | | L _40_| | | | | L
40 60 80 100 120 140 40 60 80 100 120 140
forward jet P (GeV) central jet P, (GeV)
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INFN |2 »,‘;ﬁ =

—— | - lgicocca
0% CMS Preliminary\s=7 TeV L=3.14 pb” 10%¢ CMS Preliminary\'s=7 TeV L=3.14 pb”
%; | | | E‘data | | % | | | data |
O LA --- Herwig+Jimmy 1 O --- Herwig+Jimmy ]
8 10°F = - Herwig++ 4 8 10*¥ L L e Herwig++ E
— i ;lf-'j'_‘a}ff-_“:fi -~ Powheg+Herwig o - *?“I - -~ Powheg+Herwig -
ol L HEJ 1 9. 4l e . HEJ 1
% 10 3 i i = E =2 10 3 bocaz oo 3
—= - i E 2 ] _.%:‘] E
Ne - i &) | i
© S— "o et ety 1
10%F A 2 ] - 102E ! 1
i ‘——-{,- 5223

loiopriiiziizind]
10¢ B S (12 E
3.2< | <4.7 : - <28 ]
| | | | | | | | | | | |
120 60 80 100 120 140 20 60 80 100 120 140
forward jet P, (GeV) central jet P, (GeV)
Comparison to various hadron-level theoretical
do B C?m fold * Nje is predictions
dede I APT AT] Some differences in p,. spectra due to the request of

simultaneous production of a jet in the forward region
and one in the central region
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e A The results (2)

Comparison to various hadron-level theoretical predictions
1 - ratio between measured cross section and MC

T

1-d°c/dp. dn'(data) / *s/dp_dn/(MC)

CMS Preliminary\/s=7 TeV

L=3.14 pb’
3 | | ! | |
total error on data
ol T Herwig+Jimmy _
------- Herwig++
---- Powheg+Herwig
Ll HEJ |
0 i ".:-'- SR
-1+ B
3.2<n|<4.7
ol | | ' ' '
240 60 80 100 120 140
forward jet p_ (GeV)

T

1—d26/dedn°(data) / d®o/dp_dn°(MC)

no

o

|
—t

R
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3

/-7 %DEU
C - I§icoce

|=ONVIIN IA &

CMS Preliminary\/s=7 TeV L=3.14 pb’
| | | | | |
total error on data

| ---- Herwig+Jimmy -
------- Herwig++
-- Powheg+Herwig
[ -+ HEJ -
T e TS S T
ml<2.8
| | | | | |
40 60 80 100 120 140
central jet p_ (GeV)




4 The results (3)

3 CMS Preliminary\s=7 TeV L=3.14 pb’
~ | | | | | |
% total error on data
»"‘—E —— Pythia 6, D6T tune
S_ 2 ---- Pythia 6, Z2 tune .
S | e Pythia 8
© — - Powheg+Pythia
QE L Cascade N
©
3 0 L
= !
'Cn'_ T
Q
S -1 2
©
[8Y]
Q 3.2<n| <47
A oLl | | | | |
40 60 80 100 120 140
forward jet P, (GeV)
Not fair MC simulations
@ Pythia
@ Powheg+Pythia
@ Cascade
\ %

DIS2011 - A. Massironi

3 | | | | |
total error on data
—— Pythia 6, D6T tune
2| ---- Pythia 6, Z2 tune B
v Pythia 8
— - Powheg+Pythia
[ p— Cascade
ru'-"--'='::..:..'_"'Ii:::':::d::lI::ﬁ":_:m- B _IT---:_---_:-
oF =
-1+ -
ml <2.8
ol | | | | |
40 60 80 100 120 140

=)}
m
)
=
w
—
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CMS Preliminary\/s=7 TeV L=3.14 pb’

central jet P, (GeV)

Forward: low p_ jets

Central: normalization
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224 Conclusions NN [0
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¢ Luminosity collected 3.14 pb' in pp at Vs =7 TeV CMS - LHC

¢ Forward jet production:
¢ Inclusive forward jet production in the p, [35-150] GeV/cand 3.2 < |n| < 4.7

¢ Perturbative calculations reproduce globally well the measured forward jet cross section

¢ With decreased systematics — low x test

¢ Production of one central and one forward jet, p, [35-150] GeV/c and |n|<4.7.

¢ Some calculations not in agreement with data

DIS2011 - A. Massironi 17
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“4 Event selection and Jet identification criteria

c

Event selection

¢ Beam halo event veto
¢ Beam scraping events veto
¢ Primary vertex with =10 tracks with |z|<24 cm

let-1D
Remove unphysical energy deposit
¢ HF noise removal

¢ n"*>1+2.4(Inp,™-1) in3.0<|n|<3.8
¢ n"*>1+3(Inp,-1) in|n| = 3.8
¢ 0.6 +0.05 (max(0, 9 -InE*"))'* > a > -0.2 - 0.041 (max(0, 7.5 -InE"))>2
where o is the fraction of electromagnetic component of the total jet energy

DIS2011 - A. Massironi 19
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